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1.0 PURPOS E 

Tho purpose of this document Is to present the test procedures 
used and the test results obtained durlnR an evaluation test 
program. The test program was conducted to obtain performance 
data for the Solar Kinetics, Inc,, T-700 line concentrating 
parabolic trough cvillector. All teals took place at the Mar- 
shall Space Flight Center Solar Test Facility. The test was 
conducted and the data evaluated using thb metluids provided 
In References 2.1, 2.2, 2.3, and 2.4 as applicable 


2 . 0 REF ERK NCKS 


2.1 

MTCP-DC-SllAC-426 

Teat Procedure for Perfornuince Eval- 
uation of the Solar Kinetics Solar 
Concen t ra t ing Col 1 ec tor 

2.2 

ASHRAE 93-77 

Methods of Testing to Determine the 
Thermal Performance of Solar Col- 
lectors 

2.3 

Solar Kinetics 

Solar Collectors for Process Heat 
up to 650° 

2.4 

Transactions of the 
ASME Ib/Vol. 120 
Feb. 1980 

Incident-Angle Modifier and Average 
Optical Efficiency of Parabolic Trough 
Col lectors 

3.0 

COLLECTOR DESCRIPTION 


3.1 

Manufacturer : 

Solar Kl”''tlcs, Inc. 


Manufacturer * s 
Address : 

8120 Chancellor Tow 
Dallas, Texas 75247 
214/630-9328 

3.2 

Specif Icatlons : 



Type : 

Line Focus Concentrating Collector 


Working Fluid: 

Liquid (Thermlnol 44) 


Receiver: 

The black chrome plated steel receiver 
tube is covered by a stagnant air 
annulus Pyrex glass tubing 


Reflector: 

The parabolic contoured aluminum 
mirror surface is covered with 
metallized acrylic film FEK 244 


Array Length: 

82’ llV 


Array Width: 

7' 2^5" 


Module Width: 

7' 2V’ 
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COLLECTOR DESCRIPTION (CoivtJaued) 


Speclflcationa (Continued) 
Module Length; 20' S" 


Mirror Width: 

r 


Mirror Length: 

19' 11 3/A" 


Reflectance : 

.84 


Max. Vertical 
Height ; 

102" 


Rotation Axia 
Height: 

57" 


Tracking Angle: 

270“ 


Stow Angle: 

45“ 


System Weight: 

4 Ib/ft^ 


Receiver Tube; 

1.625 O.D. 


Annulus Medium 

Stagnant air 


Selective Surface: 

Black chrome 


Absorptivity : 

.94 ■ .97 


Emissivlty : 

.18 ;•! 500 “F 


Receiver Cover: 

Pyrex glass 


Max. Operating 
Temperature ; 

650“ 


Max. Operating 
Pressure: 

250 psi. 


Properties of 
Working Fluid: 

^ " 7.9927 - 

.00373 


C - .4425 + 

.00033 


P 


f Ib/gal 
^ Btu/lbm®F 


1 luid inlet temperature 



4.0 


SUMMARY 

Thermal pertorm.iiu't' tOHtH wt>!i’ I’oiuliioitnl lor iho Solar KlnetlCH 
T-700 line eotu'eni rat Ing Kolar eolleeioi at the Marahaii Space 
Flight Center Solar Tent Facility. Four mmIuleH, each one 7* x 20', 
connecteil In herlea were mounted liorlr.ontally In a uorth-aouth 
orientation to track the sun from eaat to weat. The collector array 
was driven by a aingle drive mechanlam which la controlled by an 
electronic tracking device. Pyrunometera which meaiiure the total 
and diffuaed components of the solar ra«llatlon were mounted on the 
collector plane to track with the collector. 

A high temper ’tore fluid supply loop was designed and constructed 
for the test. A schematic of this test loop Is shown in Figure 1. 
Relevant test conditions and the data obtained during the test program 
are listed in Tables I through IV for the thermal perfornuince tests. 
Table V and Table VI are the collector tracking angles and trackl.cg 
speed respv^ot ivelv on the 2lst day of each month. Ir addition, 
graphic presentations of data obtained 1 rom the thernuil performance 
tests are shown In Figure 2 through 8. Figures 9 and 10 show the 
typical solar radiation measured on the collector tracking plane. 
Figures 11 and 12 show the results of the collector return line and 
collector receiver tube heat loss tests. Figure 11 Is the comparison 
of efficiency derived from the collector heat loss test with the 
normal thermal performance test, verlfyint;-, tlu> results of the thernuil 
performance tests. Figures 14 and I'l show the collector tracking 
accuracy versus the sky conditions (clear, intermittent, and cloudy). 
Figures 16 and 17 show the collector perfornuince versus the sky 
conditions. 
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5.0 




KST CONDITIONS AND TKST EQUIPME NT 


5.1 


5 

* 0 *0 


Ambient Co nd I t Ions 

Unless otherwise Rpecifled heroin, all tests were performt'd at 
ambient oondltlons immediately surrounding the collector at the 
MSFC eolar teeting site at the time of teat. 


i nat r ument n t_^on_ ajnd lajii ij)iiie»i t 


All test equipment ami instrumentation used in the performance 
this test program comply wii!> the reiiulrement of MSFC-MMI-5300.4C, 
Metrology and C’al ibratlv>n. Testing took place at the MSFC Solar 
Test Bed Facility. A listing of equipment used for testing follows: 


Appartus 


Manu f ac tja^ r/Mo d ^ 


R ange /Ac curacy 


Data Logger Model 2240A John Fluke 

Company 


Multi" range 
Thermocouples 


Thermocouple Med-Therm Inc. 

Pyranometer Eppley PSP 


-SOO^F - 400“P/i.5“F 
0 - 800 Btu/lir . ft ."^/Class 1 


Flow Meter Potter 


0-19 GPM/iO.2 GPM 


Liquid Loop 


Designed and Assembled 
at MSFC 


1~12 GPM 
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6 . 0 TEST RI -QUIREMENTS AND PROCEIHIR KS 

6.1 Collector Time Constant Test 


6.1.1 Requirement 

The collector time constont shall be determined by abruptly re- 
ducing the solar flux to zero. This will be done with the inlet 
temperature holding at 140“F, while the liquid is flowing at ap- 
proximately 10 gal/min. 


The differential temperature across the collector shall be monitored 
to determine thd titne required to reach the condition of t 


AT(t) 

Sti 


« .368 


where ZiT(t) la the differential temperature at time t after the 
solar flux is reduced to zero and 4T1 the differential temp- 
erature prior to the reduction of solar flux. 

The following data will be recorded for the test: 

(1) Solar flu>. 

(2) Ambient temperature. 

(3) Inlet fluid temperature. 

(4) Outlet fljiid temperature. 

(5) Liquid flow rate. 

6.1.2 Procedure 


1. Set the collector on tracking mod^?. 

2. Adjust the fluid flow rate to 10 gal/mln. 

3. Adjust the inlet temperature to 140“F. 

4. Monitor collector inlet and outlet temperature. 

5. When the inlet and outlet temperature stabilized, 
switch the collector back to stow position. 

6. Record the change of 4T across the collector. 


6.1.3 Results 


The results of the time constant test is shown in Figure 2. The time 
constant for this collector with Therminol 44 as he£.t transfer fluid 
la approximately 58 seconds for 4 collector modules in series. Table 
I is the listing of data recorded during the time constant test. 
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6*0 TEST REQ UIREMENTS AND PROCEDUR KS (Continued) 

6.2 Collect or Trao kinB Pe rtoj-nmnce 

6.2.1 Rcquir(»ment 

Accurate tracking of a concentrating collector Is critical to its 
performance. The purpose of this test is to examine the effect 
of tracking error on the collector efficiency. This will be done 
by manual ly moving the collector out of track to a fixed position 
ahead of the sun. Then, let the sun pass over the receiver tube 
while maintaining the. inlet fluid to the collector at a constant 
temperature. As the sun moves toward focusing the solar ray starts 
to lnt<?rcept the receiver tube, and the outlet temperature begins 
to increase until the sun is fully focused, then it begins to de- 
crease when the sun starts to move away from focusing. 

The following data will be recorded for the test: 

(1) Solar flux. 

(2) Ambient temperature. 

(3) Inlet fluid temperature. 

(<!») Outlet fluid temperature. 

(5) Liquid flow rate. 

(6) Collector set angle. 

6.2.2 Procedures 

1. Manually rotate the collector toward the west past the sun. 
Hold and record the collector angle at this position. 

2. Maintain the inlet fluid at a constant temperature. 

3. Monitor the collector inlet and outlet temperature while 
the sun is moving across the receiver tube. 

6.2.3 Results 


Several tests were performed and the results were superimposed into 
one graph. Figure 3 shows the collector efficiency versus the 
angle of off tracking. The inlet temperature for all tests were 
maintained at 150"F. Table VI showed that the collector tracking 
speed is not constant during the day. Therefore, the scattering of 
Figure 3 can be reduced if the efficiency is plotted versus the angle 
of off tracking. An off tracking of one degree will cause the ef- 
ficiency to drop from 55% to 45%. Therefore, tracking accuracy 
tolerance shall be within .25 degrpes. A shaft encoder was in- 
stalled on the collector so that the collector position can be 
monitored. These collector position data were used to compare with 
the theoretical calculation of the collector position angles to 
determine the collector tracking performance. Detailed calculation 
method will be presented in the next Section. Figure 14 showed 
the SKI tracker performance, during a clear day. Tue tracker was 
able to track the sun accurately (within .25 degrees). Figure 15 
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6.0 TEST REQUIREMENTS AND PROCEDURES (Continued) 

6 . 3 Collector Thermal Efficiency Test 

6.3.1 Teet Requirement 

Thermal per£onnanc(‘ data from the Solar Kinetics, Inc. line con- 
centrating collector T-700 shall be obtained at the MSPC outdoor 
test bed facility under natural environment cundltons. Because 
of Its high temperature application, Thermlnol 44 will be uaed ae 
heat transfer fluid. The collector shall be mounted north-south 
orientation for best summer operation, corresponding to solar 
cooling applications. 

The following data shall be recorded during the test: 

(1) Collector Inlet and outlet temperatures. 

(2) Total and diffused solar radiation on tracking 
plane. 

(3) Liquid flow rate through collector. 

(4) Heat exchanger Inlet and outlet temperatures. 

(5) Heat exchanger cooling fluid flow rate. 

(6) Ambient temperature. 

(7) Collector tracking angle. 

The thermal performance evaluation data shall be obtained at Inlet 
temperatures of approximately 140®, 190“, 220*, and 270“F at 10 GPM. 

6.3.2 Procedure 


1. Bring the collector out of stow and switch it tc automatic 
tracking mode. 

2. Initiate operation of the data acquisition system to record 
data and check to verify all necessary channels are operational. 

3. Adjust the fluid flow rate to 10 GPM. 

4. Adjust the inlet temperature to the desired setting. 

5. Maintain the reservoir temperature to approximately the col- 
lector Inlet temperature by adjusting the heat exchanger 
cooling water flow rate. 

6. Record all data continuously at two minute intervals at quasi- 
steady state conditions. 

7. Record collector tracking angle at 30 minute Intervals during 
the test. 
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^•0 TKST RKpU lREMKNTS AND PROCEDURES (Contlmieti) 

6.3, J Test Resulta 

The reHuUa obtained during these tests ar»: Sown In Figures 4 and 5. 

Figure 4 shows the thermal efficiency of uJl tert di«ta plotted with 
the direct solar radiation as parameter at i Inid flow rate of 10 GPM. 
Figure 6 shows the thermal efficiency of all teat data plotted with 
the total solar radiation as parameter at fluid flow rate of 10 (JPM. 
Figure 7 depicts the thermal efHclency data fluid flow rate of 5 GPM, 

All those figures show the scattering of test data. The source of 
the scattering will be analyzed in the follow “»g sections. Table III 
is the listing of data recorded during one of the efficiency tests. 
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6.0 TEST RF.qiIlR|mNT!L^^^ EmHTimmKS (l*i>m ImuMl) 

6./* Col U‘i- tor All !>.»y Toni 

6.4.1 Toht R 040 1 romcnt 

(A>lhnti( .ill il ■ , iu*rf orniatuo sluill bo oonduotoil to dotermino tho 
total annul' ’ i>norv.v tli.it o.in bo dollvoroi', Tho following data 
Hhall bo I’l mil’ll during tin* to*»t: 

(n (\illoi‘tor alot ami out lot lomiioraturo, 

{ 2 ) Tol.il It’ I dll tuHod Holar radiation on tracking piano. 

V O Liquid tlow rati' through colloctor. 

(4) Hoal oxcbangor inlot and out lui tomporaturo. 

(')) lloat oxcliangor cooling fluid flow rate. 

(6) Ambient lomporaturo. 

(7) Colloctor tr liking angle. 

Tho all dav thermal porformanco ovalu.it ion data Bh.all be obtained 
at inlet t omin’rat m i*s ol 140"l', lyO”!’”, and 270*F at 10 GPM. 

6.4.2 y ‘ ‘ 

1. bring tho i-i'lliH-tor out ul atow and Bwltch it to autonuitic 
trarklng mode. 

2 , Initiate operation ol the dat.i acquiait ion Hyntom to record 
data and vboek to verify .ill nocoBuary channolH .are operational. 

1. Adlunt tho fluid i low rate to 10 GPM. 

4. Adjiuit tho inlet tomporatuvo to tho doaired setting. 

b. Maintain the reaetvoia- tempoiMture to approximately collector 
inlet romper. iture by .idjuiit ing tho heat exchanger cooling 
water tlow r.ite. 

6. Record .ill data .-ont Inuoua 1 v at two minute Intervals at qu.asi- 
Stoadv ntale eond i t ioiu; . 

7. Record eel lei tor tr.ickiug .ingle at '10 mimite intervals during 
tho tent. 

6.4.3 I* 

The refiults ot the all dav tout are shov/n in Figure 8. Table IV is 

tho listing ot data rei'ordod durlrig one of the all day tests. It 

is also important lo km-w how this col lector portorms during an 
Intermittent il.av bee.auKe not every ilav of the year is a clear day. 
Figure lo and 17 show the rel.it ion between tho solar radiation and 
the colleetor tb.ermal performanee during a clear day and an inter- 
mittent day rospoet. Ivoly . 
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^ • ** ^ii* V^ ‘* * ^ *' ^= J^j^* >'X- Ji'' ^ J' ** 


6,5.1 T«Bt .{^‘ju i rt*mt>nt 


A mil lt>«'tor boat Iohh tt'Ht Nball bv* comUu'teil to (Icterrolne the heat 
losH I 'H'l floien? . The oolUn’tor rthall be In the »tow position, with 
the retlev'tor Burtace and reoeiver tv»be covered io that no reflected 
Holar radiation will be Intercepted by the collector. The following 
data Hhal I be recorded during the teat; 


(1) (Jollector Inlet and outlet temperature. 

(2) Collector flov rate. 

(1) Ambient temp(‘raiure . 


^ ^ t’r » <^ «dure H 


1. Cover the reflector Hurlace and receiver tube. 


2, Adjust the tluld tlow rate. 

1. AdjuHl the inlet t emperat tire to the desired Betting by using 
the inline heaters in the fluid loop. 

■i. Record all data coatinuouslv at two minute intervale at quasi- 
steady state ciiotlit ions . 


6.5.1 lU'sulls 

The results of this test are presented in ^igure 12. 
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7.0 


ANALYSIS 


7.1 Time Constant Test 


Two methods are proposed by ASHRAE 93-77 for conducting a time con- 
stant test; however, due to facility limitation, neither one is ap- 
plied. The method used here was abruptly reducing the solar flux 
to zero by turning the collector back to stow position and mai i- 
talnlng a constant flow rate and inlet temperature while obtaining 
data. 


According to the definition of time constant given in ASHRAE 93-77, 
it is the time required for the ratio of the differential temperature 
at time t to the initial differential temperature to reach .368, 
when solar radiation is reduced to zero. It can be expressed as: 


f,e,t f,i 

T - T 

f,e,inl f,i 




0 ) 


If the Inlet fluid temperature cannot be controlled to within 2" of 
ambient air temperature, then the following equation must be used: 


mC 


^L(^f.i-Ta) - "f.i) 

g 

S/'^f.i ~ "^a^ ^'^f,e,inl " '^f ,i^ 


.368 


( 2 ) 


where: 


T 

f ,e,t 


Outlet fluid temperature at time t 
Inlet fluid temperature 
Initial outlet fluid temperature 
Fluid mass flow rate 


C Specific heat of fluid 

P 

A Collector gross area 

g 

U Collector heat loss coefficieny, 

^ determined from the slope of the 

efficiency curve 


T Ambient temperature 

a 

The inlet fluid was not maintained within ±2°F of the ambient, 
hence equation (2) was used for evaluation. 
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7.0 


7.1 


ANALYSIS (Contlruiod) 

Time Constant Teat (Continued) 


.115 (147 - 65.5) + 
.115 (147 - 65.5) +■ 


9.56 X 60 X 3.7 
560 

~9 . 56 X 60 X 3.7 
560 


- 147 

(178 - 147) 


.368 


Therefore, 

T. 

f ,e,t 


- 156.8“?. 


From Figure 2, the time constant was determined to be 58 seconds for 
the four collector array. 
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7.0 


ANAIYSIS (Conti nut'll) 


7 . 7 J AtHUirnoy 

TIu* Solar Klnotii'H lino oonceol rat Inji^ oollocior can bt* catORurlxtuI 
aa a cylindrical optical ayatom. It will fociia the beam radiation 
to the receiver tube If the focal axia, tiui vertex lino of the re- 
flecli..“, and the aim He in a plane. Thus, for thia type of ayateni, 
it ia poaalhle to rotate the collector in one axia to meet thia re- 
quirement. Thia axia of rotation may be novth-aouth , eaat-weat, ir 
inclined and parallel to the earth'a axia. For all the testa con- 
ducted in thia report, the collector ia rotating about the norih- 
aouth axis from tlie east in the morning to the west in tiu* after- 
noon. 

Figure 1 shows the effect of being off track or the collector ef- 
ficiency. As much as a 10 percentage point drop of the efficiency 
will occur when the collector tracking la mlaaed by only 1 degree. 
Tlierefore, tracking accuracy la critical to the operation of a con- 
centrating collector. The aecuiacy of tracking can be determined by 
monlto *ing the collector rotation angle. The following equatlona 
govern the collector rotation angle: 

Tlie declination, d, can be found from the approximate equation of 
Copper (mb'l): 

d « 2 1. A 5 SIN (160 

where n is the Julian day of the year. 

The local standard time is converted to solar lime in order to de- 
termine the sun’s hour angle. 

Solar time “ Standard Time 1-15 + 4 (L - L. ) . . 

St loc (2) 


where : 

R » liquation of time, in minutes. 

L « Standard meridian of the local time zone. 

St 

1, « Longitude of the location in liegree, west. 

1 oc 

The solar altitude angle 'a' is determined as; 

sln(a) * cos(L) cos(d) cos(h) + (sln(L) sln(d) 


where : 


I; " Latitude h “ hour angle from solat noon 

d “ declination angle a * altitude angle 
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ANALYSIS ((\nUlmuuO 

Col loo lor Tr.iokln^ Aooiiraov (Coni liuioil) 
TIu* asvlmiiih anj'lo, b, from Holor south Is: 

sln(b) «a 

ovis OO 


The rotation anglo ot a nortlt-south axis oollootor is a iunot lt>n 
ot t ho si>lar altitmlo ;uul a^iaiutlt anj'lo. It Is dof inod bv tlio 
iol lowing relations lor a lino oonoont rat tn^* oollootor mounted 
on a north-south orientation; 


I 


tan 


tan (a) 

OOH (b) 


where : 


r ■> Rotation ai 4 ’le 

b » Solar azimuth anule 

a Solar altitude ain’le 


However, this eimat ion oannot be aiiplied at solar noon. The rotatli>n 
angle is dO" at solar noon. Table V shows the hourly rotation .ingle 
at iMst dav of eaoli month. It Indlo.aies that the oolleotor rotation 
speed is not oonst.nu. Tab’o VI sliows the oollootor rotation speeil 
t i>r e.ioh hour at .’1st d.iv v'l eaoh iiumth. 
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7.3 


Thernuil P<>rfornwmc*‘ Test 


7.3.1 Collector Instantaneous Kfliclencv 


Q - A I, [ P y ( T d )] - IJ, A (T - T ) - lilt: (T - T ) ..x 
\i ah'- L r ' avo ,r i>' out iir (I) 

where : 


■ useful energy gain 

A^ ■ collector aperture area 

I, * direct beam solar radiation 

b 

P * specjlar reflectance of the reflector 

surface 

y ■ Intercept factor, the fraction of 

specularly reflected radiation that 
is intercepted by rec lever 

(otT) “ the transmittance absorption produce of 
receiver 


U. * heat loss coefficient 

1j 

A * receiver area 

r 

*^ave * average fluid temperature 

■ ambient temperature 
ffl - mass flow rate 


specific heat of the heat transfer fluid 


The efficiency of a collector is defined as the ratio of useful 
energy gain to the available energy. Therefore, the efficiency, 
T) , can be expressed 

. Q. 


as : 


u 

lA 


p y(ofT) - u 


ave 


- T 


L A 


( 1 ) 


In order to compare with the flat-plate collector performance, 
the efficiency based on total solar radiation measured on the 
collector tracking plane is also calculated. The thermal 
efficiency of the Solar Kinetics T-700 line concentrating col- 
lector determined from test data Is given by the following equations 


^ = .592 - .115 / ave 


- T 


dir 


( 2 ) 


.437 - .0006 /ave 


- T 


'tot 


(3) 
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7.0 


ANALYSIS (Continued 


7.3 Thermal Performanc e Test (Continued) 

7.3,1 Collector Instantaneous E ff iciency (Continued) 

However, these efficiencies were calculated based on a four collector 
array . 

Scattering of test data can be seen in Figures k and 5. However, 
the scattering of test data is more severe in Figure 5 than in 
Figure A, where the parameter was based on the total solar radiation. 
Figure 5 shows that if the test data were grouped with ranges of 
diffused solar fractions, it is found that the thermal efficiency will 
decrease with the increase of the diffused solar fraction, when the 
efficiency is calculated based on total solar radiation. 

But, this trend is not as pronounced when the efficiency is calcu- 
lated based on the direct solar radiation. Since the direct beam 
radiation is smaller when the diffused fraction is higher and the 
efficiency of a collector is calculated based on a smaller direct 
beam radiation. Therefore, the intercept and slope derived from the 
efficiency calculation based on total solar radiation is meaningless 
if the diffused solar radiation fraction is not identified. Figure 6 
shows clear separation of data when the diffused fractions are grouped 
in the ’•anges of 0.0 35, .15 ~.25, and .25~.35. Insufficient 

data wert- obtained with the diffuse fractioh higher than 30%, so the 
efficiency curve was extrapolated to indicate the effect. Theoret- 
ically, at 0% diffuse fraction, the two efficiency curves, based on 
direct and total solar radiation, shcald coincide. 

The diffused fraction changes the intercept of the efficiency curve, 
however, the slope will not be changed. The diffused fraction only 
effects the collector's optical efficiency, not the heat losses. 
Therefore, parallel lines can be drawn through each group of the 
data points. 

From Figure 6, the Intercept and the slope for each of the efficiency 
curve are; 


II 

.58 - 

.176 P 

^d * 

.10 

"2 ' 

.49 - 

.176 P 


.22 

”3 ■ 

.43 - 

.176 P 

^d = 

.33 


where: 


f , indicates the diffused fraction, 
cl 
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7.0 


ANM.YS1S (Continued) 


7 . 3 Thcrnml I’e r f oniianc Test (Con t Inued ) 

7.3.1 Collertor In.'il ininneiuis Kineienoy (Ci»nt inued) 


7.3.2 


The efflcienev ot a concentrating collector based on total solar 
radlat Ion can be expressed as 


0 - fj)Py(TOl) 



Therefore, equation (3) is no longer valid and should be replaced 
with the following equation: 


.M (1 - f^|) - 



Collector All Day Efficiency 

Figure 8 shows the results of the collector all day test. These 
data were obtained over several days, with the inlet temperature 
maintained constant during each of the test periods. The efficiency 
calculation was based on the direct solar radiation. For all tests, 
it shows that the efficiency of the tracking concentrator was al- 
most constant at one inlet temperature with slightly lower values 
at noon, due to the maximum incident angle occurring at noon. 


As sliown in Table V, the incident angle for this collector during 
the test period is varied from 17 degrees at 8 o'clock solar time 
to 47 degrees at solar nooi, in September and October. 


7.3.3 Solar Radiation 


Solar Radiation was measured using pyranometera mounted on the col- 
lector plane and tracking with the collector. One of the pyrano- 
meters measure.s the total solar radiation on the collector plane, and 
the other one with shadowing disk to block the direct solar radiation, 
measures the diffused solar radiation on the collector plane. Thus, 
the direct solar radiation on the collector plane will be. the differ- 
ence between total solar radiation and the diffused solar radiation. 

A separate normal incident pyrhel lometer which measures the direct 
solar radiation was recorded. In order to compare the pyrheliometer 
measurement with the tracking plane measurement, a cosine correction 
will be applied to the value of the tracking plane measurement. Be- 
cause the pyrheliometer is always normal to the sun, while the direct 
solar radiation always has an Incident angle to the tracking collector. 


^dir 


(I 


tot 


- ®i 


where : 


* incident angle 
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an alys is (t\mt liuioil) 

7.3 ThermaJ IH'rtormanc^^^ TotU (('mulmuHl) 

7.3.3 Solar Radiation (Coot Imiod) 

Tablo VII fihowf! t ho tlltoot solar r.uliat ion di rlvoil Irom the tmlloi'tor 
tracking’ plane ineaHuromont n ap.ree well with the pyrhol lometor moa- 
Huromontn. KIp.ut'e h shown tl>e solar radiation ol a typical clear ilav. 
The slnulowlnp, dltik was so adjusted that the direct beam Is always 
blocked. Figurt* 10 shows the solar laillation measured from the trac- 
king plane In which twi> ol the three shadowing disks were not blocking 
the beam portion ol the tviial solar radiation. 


7.3.4 Return Line Losses 

To determine the return line heat los^•.es, two temperatures were mon- 
itored during the test, tine at the collector outlet and the other 
one at the inlet to the heat I'xchanget . rite return line is approxi- 
iiuUely 12^1 ft. ol 1" stalnletis steel piping. It is Insulated with 
1‘j" thick glass-liber pipe Insulatloiv wrapinnl with aluminum pipe 
covering lor weather protection. 


The energy balanci' for a steady state condition is; 


(), = ihC fT , 

loss p out 


In 


IIX 


) ^ h A (T ^ - T ) 
out a' 


( 1 ) 


where : 


loss 


III 


out 


'in 


llX 


h 

A 

T 


- line losses 
-- t 1 ow ra t e 

■ sped tic heat of hear 
transfer fluid 

w collector outlet 
t emperat ure 

“ heat exchanger inlet 
t emperat u e 

- heat lof^s coelficlent 
= pipe surface area 

= ambient temperature 


Rearranging equation (1), one yields 


T , - T. 
out in 


out 


HX 



Constant 


( 2 ) 
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7.0 


ANALYSIS (Continued) 


7.3 Thermal Performance Test (Continued) 

7.3.4 Return Line LoBaea (Continued) 

Figure 11 1 h the plot of (T - T. ) Against (T - T ) at the 
" out ® 

flow rates under the teat. Equation (2) indicated that a straight 
line can be drawn through each set of the data points. 

The heat loss coefficient does not vary significantly with the flow 
rate when the flow Inside the tube is fully developed turbulent flow. 
Therefore, the heat loss coefficient, (hA) , can be determined as: 

(hA) ■ (**>Cp)j Constant j ■ (ACp )2 Constant 2 

From Figure 11 the heat loss coefficients for the 5.5 GPM flow and 
9.5 GPM are: 

(hA)j - (mC )j Constant^ - 3.7*5.5*60*2.76/200 - 16.84 ®*^‘^/hr“F 
(hA). - (ihC ), Constant. - 3.7*9.5*60*1.55/200 - 16.34 ®‘^“'"hr“F 
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7.0 


ANALYSIS (Continu«d) 


7.4 


Collector Heat Losg 

The heat loss teat is an alternate way of deter;.)ining the alope 
(i.e. heat lost coefficient), of a collector efficiency curve. 

The energy balance for the heat loss la similar to the return line 
loss described above. It is described as: 


uoss 


raC (T 


in 


- T J - 
out 


U,A 
L r 


(T 


ave 


- V 


(i) 


where : 


'loss 


Collector heat loss 


U-A ■ Receiver tube heat loss 
L» T 

Rearranging equation (1) , 



Figure 12 is the plot of (T. - T versus (T - T ). 

® in out ' ave a' 

It IndlcateB that a straight line cannot be drawn from the origin, 

Instead, one can draw a straight line through the data points from 

(T - T ) equal to 40. Therefore, the heat loss coefficient can 

be^J^Snsidired as a constant when the (T - T ) is greater than 40“F. 

ave a ® 


T - T 
in out 

T - T 
ave a 



.0243 for (T - T ) 40®F 

ave a' 


U.A 
L r 


ifiC *.0243 - 9.7*3. 7*. 0243*60 
P 


52.33 ®*^“^hr°F 


In the equation defining the eirficiency for a concentrating collector, 
the heat loss coefficient Is the negative of the slope which is: 


^L^r 52.37 

A “ 560 

a 


0.093 Btu 

hr. ft. "F 


and the efficiency equation becomes: 

.592 - 0.093 T - T 
ave a 

I 

Although the ratio of heat loss coefficients determined from these 
two tests, .115 - 0.093 * .19, Is large, their values are small. 

.115 

Figure 13 shows the efficiency curves obtained from the thermal effi 
clency test and from the heat loss test, noting these two curves are 
very close to each other. 
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TIME 

im:MM;SS 

Tin 

T,mt 

^amb. 

Op 

Flow 

8 pm 

9:36:19 

147.0 

178.0 

65. 5 

9. 55 

9:38:24 

147.0 

178.0 

65. 5 

9. 55 

9:38:29 

147.0 

178.0 

65, 5 

9. 55 • 

9:38:34 

147. 1 

178.0 

65. 5 

9. 55 

9:38:39 

147. 1 

178.0 

65. 8 

9. 55 

9:38:44 

147. 1 

178.0 

65. 9 

9. 56 

9:38:49 

147. 1 

177. 1 

65. 8 

9. 56 

9:38:54 

147. 2 

175.6 

65. 3 

9. 56 

9:38:59 

147. 2 

173.7 

65. 2 

9. 56 

9:39:04 

147. 2 

171. 6 

65. 1 

9. 56 

1 

9:39:09 

147.2 

169. 5 

65. 1 

1 

9. 56 

9:39:14 

147.2 

167. 3 

65. 1 

9. 56 

9:39:19 

147.2 

165.0 

65. 1 

9. 55 

9:39:24 

147. 2 

162. 6 

65. 1 

9. 57 

9:39:29 

147.3 

160. 3 

65. 1 

9. 60 

9:39:34 

147.3 

158. 1 

64.9 

9. 61 

9:39:39 

147. 3 

156.2 

64.9 

9. 60 

9:39:44 

147.4 

154. 6 

65. 1 

9. 56 

9:39:49 

147.4 

153. 2 

64. 9 

9. 61 


TABLE I. SOLAR KINETICS COLLECTOR TIME CONSTANT TEST RESULTS 
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sur Kxms mom «am test 


m w Off 

DT 

TW 

(W 

IM 14011414 

14 

68.0 

9 7 299 9 

10tt 138. 9 140. 9 

28 

686 

9 7 209 8 

1W2138 5U99 

14 

686 

9 72911 

108313810 6 

15 

69.7 

9 7 291 4 

18C138.1 139 6 

15 

69 7 9 7 201 4 

10M 137 8140 1 

23 

703 

9.72919 

1015137.41418 

36 

701 

9.7 299 8 

mu? 21410 

66 

70,0 

9 7 299? 

1087 117 5 J49 7 

122 

706 

9 7 :?«j 8 

1086 138, 4 157 6 

194 

706 

9 7 2# 7 

1009 140 2 164 9 

24 7 

781 

9 7 201 0 

im 148 : Ir? 4 

291 

70 4 

9 7 201. 3 

1«1 142 7 178 5 

27 8 

70 3 

9 7 2010 

1812 145 1 it:. 1 

29 0 

70 3 

9 6 201 3 

1813 146. 1 IZ 5 

^<S i 

707 

9 6 ??1 3 

1814 147 I 175 3 

29 0 

704 

9 6 201 8 

1015 148 6 i7f 4 

273 

70 3 

9 6 201. 5 

1916 149 2 ITT 7 

26. 5 

69 3 

9 5 20i 4 

191? 148 8 173 1 

24 3 

69 0 

9 5 2?: 2' 

1018 148 8 IP 2 

18 4 

702 

9 6 201 0 

if?L« 151 0 lc'2 1 

44 « 
^ A 

7 5 

9 5 ;21 4 

1020 151 1 159 1 

8? 

6? 3 

9 5 201 7 

1021 158, 6 155. 8 

C A 

v' £. 

65 5 

9 5 21^. 0 

102 143 4 153 3 

? 

70 5 

9 5 201 6 

1023 ’ 15? 9 

1 6 

7 7 

a e VM ■> 

1024 14c 1 149 3 

«. & 

•’4 4 
t A* A 

9 c 20? 7 

1025 147 0 14" 3 

3 3 

715 

9 6 200 4 

1026 146 3 147 7 

I 4 

726 

9 6 2303 

1027 145 2 14" : 

21 

77 

9 51i? 7 

m 144: lie 2 

19 

•• » 

9 6 19= 3 

192$ 143 5 1-*^ 2 

14 

T4 

' 1 1 « a 

1830 143 3 144 6 

4 • 

7 5 

961995 


TCTR7 fiCOU. :NC cF P 
2tHi29.U im 39 8 3 8:035 
:j22::?fti4 c: 391 aw 335 
;j292:-n8i4 295 ? 39 , 180:835 
323 23:rfti» :is0 39238 : 0:4 
32323.7014 3135 19.29939:4 
321 23 2014 4M 39 3 0 W 8 34 
32 3 2328 014 7630 19.4 907 934 
319222 7 0 14 14331 .■9 5 012 035 
:i 8 232 ' 3 14 2*?:0 19 6 ? 23 0 36 

321 22 8 014 41223 39 7 0 37 0 39 

321231 014 52ft9 398347341 
:i 8 23 8 ? 14 6i9;2 3? ? ■? 55 8 42 
31 7 232 7 0 14 58827. 3<> ? 8 52 8 43 
31 7 233 8 8 14 55831 ;0 8 « K 8 44 

:i 5 2 : 5 3 14 6ir^ t 01 3 55 0 45 

:i6 23 5 8 14 61C2l 402854 0 45 
31 6 2 : 1 8 14 5?;i9, 40 2 0 '2 a 40 
31 5 23. a 0 14 55476 4010^9 9.46 
:i c 22 9 n 14 5.X9P 40 4 8 i* 0 45 
:i7i:z7 0.i4:m 4053.4044 
;i 3 2 : 2 8 14 223 48 f 8 a 8 43 
:i 3 2 :' 5 8 14 40 : 8 !5 8 42 

31 9 2 : 9 8 14 1,C2 40 7 8 :0 8, 41 
*1 ? 23 5 0 14 -3142 40 5 0 07 8 40 
:i 1 23: 4 8 14 5437 40 J 8 /-* 8 39 
.■2 4 2:1814 rr 41 8 3, -:6 033 

6 2 : 0 8 14 ;70 4i 0 8 81 8 39 
.■2 7 2*3 8 0 14 250 41 1 8 83 8 37 

32 6 22 4 0 14 442? 41 2 8 84 8 37 

32 ' 22 8 a 14 4./12 41 3 8 .'4 a :: 

32 • 21 ? 8 14 :9T 41 3 8 83 0 3‘' 

32 9 21 4 0 14 2'40 41 4 8 82 0 36 


INj CoUector 
Inlet 

CUT 5 Collector 
Inlet 

DTt Outlet-Inlet 

TAMBt Ambient 
Temp, 

GPM: Flow Rate 

DIR: Direct Solar 

DIF; Diffuied Solar 

TOT: Total Solar 

D/T; Dif/Tot 

QCOLL: Energy 

Collected 

INC: Incident Angle 
EFF: Efficiency 


P: (Teve -Ta)/DIR 


TABLE n. SOLAR KINETICS COLLECTOR TRACKING ACCURACY 
TEST RESULTS 
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TABLE ni. 




m B an 

w 

TW 

9R PI) 

mmpufi 

X9 

932 992)12 

mmfini 

39) 

931 9 723(8 

SBiM.$S7r.9 

397 

941 

992C1 

fS 1421177.9 

391 

992 9.92317 

MB 14211711 

353 

9711)2399 

9514211779 

X9 

91 

9 9 2)7 ) 

1MB14L917(4 

34 9 

98 992388 

IftSMllTSB 

]4 2 

91 

9 9233 9 

tt014M74 9 

XI 

98)U92:i7 

1IB14I2174} 

XI 

9)81))a7 

imlybit:: 

33 9 

rf 

9 .4:2? S 

195 19 4 n 8 

£4 

981 

99£71 

twain 7 

329 

99 9 1).l£52 

lusami 

329 

99 8 11 4 2 : 4 ! 

119 131 13 9 

329 

811 1) 8 224 ) 

1149 132 9 1 ^ 9 

329 

8) S 18 4 228 1 

1191354178 

24 

»3)D)£19 

£19 172 9 34 8 

321 

C 1 

j7ar? 

1229 133321 

.14 

824 

9 7^4) 

123137328 

.19 

832 

9 8 £4) 

£49 171 8 X 1 

321 

8?4 

?f 2K7 

£9 n : 8 

325 

84) 

9!£?) 

139 n 9 :n 1 

• 

39 

?7£1? 

1319 171 8 35 1 

•• ^ 
4 

3) 

• ?*£: 

1325 1.Y 4 4'J4 : 

• • ^ 
4 

flif 

4 ! £1 7 

133 189 9 X : 

• 

• ^ m 

M : 

? ’ 1*4 ) 

1349 ir^ 9 :« 4 

:*9 

87) 

? • £S s 

£9 ir: : »f 4 

.* 4 : 

• 

> 3 Zi 1 

140 172 8 X 3 

.*4 7 

;.* i 

9 4 n? ' 

1419 n. 8 X ; 

34 

?* ^ 

9 e« 4 i: 

14JS 171 8 *r : 

•• I 

:c 4 

• 8 4 * 4 : 5 
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•C 1 

ro 

9 8 x: 4 

1449 n 1 :r t 


• 

5 * • 

3 ? ; 4 i 4 

149 r: ? iXT 9 

•« • 

•> * 

a •' 

9 8 142 8 

190 171 8 *r 7 

3 9 

a 1 

? t X3 ! 


^9 nrs^ coi m fff p 

S7niii2^ :i}iri« 

SI 20 (IU 59 I 3 l 4 iri«< 

a(27l7IU77BI niivtc 
na07iu;fj3( ssire^ 
r722riiii7fNi jMisriM 
217:(49»14 7«X 3^4tSfiM 
XJKiPPUTWt X 2 iri 4 » 
h‘»299ti:t:^ riisriM 
5 JT i »» 7443 J7II5744# 
25;»H:*r^ 3Sir4i} 
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4i4«^2 4i4r;:;3i 
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:4 $:*:») D 49 1 « ^ 94 
i 4 r < 4 •) 3 f ? 54 4 c 

4 ;D ? D J if ^ it )Z 

f :? 3 4 0 •: .? £ 

*r : ;!> : 4 :? *i*:- :* ' ) 94 4 51 

*9 4 a: 1 ) :? ,\v:^ :* 4 4 £ •» £ 
i’j s *'fi M 1 ) :«; : 4 3 ; 4 y 
rr : :>4 t 4 :) • 3 : 4 ?4 > £ 

i» 4 i>7 : 4 :4 .Tijt :4 : ) 94 <94 
:• ? ;*» : 4 :a T!> :: 4 ) £ • 9# 
£:4j909) 

•• I I I « \ •••<»«. t« 

. * i‘{ . '. .'• •■ ■ . .* w i M ' .4 

a ? 9 4 14 TrT 4^? i 1 5* • •» 
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SOLAR KINETICS COLLECTOR ARRAY THERMAL EFFICIENCY 
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nn n tf F in 9N Nt 
mmrm4 ar %2 992177 
fi9 22lia< ai %7 922293 
Ji2ff f29L2 m SI 9 2223 7 

9 e 2 » 9 ai 9 at us 932245 

a2M42S39 312 557 93 2249 

mmim2 ai 577 932255 
«c2as:a4 329 574 922259 

52522952537 312 591 93 2252 
5052292252,9 327 599 9322*4 
9622952515 339 A9 932239 

naiiazi as ci 922T9 
Msaicffis a; cr nz: 
iac2ass4i as 01 912252 

1925 219 72514 319 44$ 9 3 229 4 
19352294 2523 'A? 01 91Z»9 
110221732} A4 44 9 9 3 A42 
10B22IS2S19 . 1 } 0 2 9 3 21? 4 
110231322 399 T2 9223^} 
111522222SI %t 09 9:34S 
U32199249S A? 04 92212 ? 
110294391 297 09 922i:4 
110209 259 3 .14 11 9 221:9 
1295 249 9 247 4 Pi .19 9 2 212 1 
139 20 9 32 4 rr 4 17 9 ? IT 1 
1233B9K9 35 19 ?ia*2 
139 20 9 34 4 27 9 72 3 9 ? i: S 
1245 P9 7 299 5 2$ 6 72 2 3 « 2L' ? 
135279 4 29: 279 1? 88119 
130 2122981 27? 72 7 8 8 213 1 
1302123®2 38 .12 ? 7 29 4 
1329 20 2 298 2 3 9 73 4 8 71e4 
133 218118 3 2 73 9 j 9 213 4 
1349 2.1 2 .18 9 3 8 7: 9 ?!21S; 
13B21918 2 .1 2 75 8 ?4MJ 
140 21 in 2 :i: '•s ?4i?; 
1415 217121 14 751 S*2L^2 
1425 21 3 .12 7 :i: 1? 3 .'I? 4 
143 20 4 n: 1? 'j: 5 . 1 . 3 : 
1415 20 « 3? 7 1 : ,1« 9 4 1?: 
14021 93934 15 5 5 8219 5 


9lf 0&L K F 9 ‘ 

27. 3 245 9 9 il 42905 244952994 
P4 24779U44t59 39952994 
39325911 47734 3195496 
39 233 910(709 0319410 
042S44IU 0444 09IMI0 

0 9 294 1 IU0212 1919410 

3 4 33 4 911 (rm ansii 

29i2n3iu(9za aiiiii 
27 8 2922111 (7371 aM 94 l 79 
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27720 710(00 1990479 
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392U 4 999CS14 499 9 53 979 
1923(90(2942 41940477 
2 9 23 4 9 0 (081 41(4 0477 
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TABLE IV. SOLAR KINETICS COLLECTOR ARRAY ALL DAY TEST RESULTS 
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Inc. : Incident Angle 
rot. : Rotation Angle 
alt. t Altitude Angle 


TABLE V. COLLECTOR INCIDENT ANGLE, ROTATION ANGLE 
AND SUN'S ALTITUDE ANGLE ON THE 2let DAY OF 
EACH MONTH 
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Tim# 

Montn'V^ 

8-9 

9-10 

10-11 

11-12 

JAN 

14.6 

17.4 

21.0 

23.9 

FEB 

14. 5 

16.6 

19. 1 

20.8 

MAR 

14.0 

15.5 

17.0 

18. 1 

APR 

13.3 

14.2 

15.2 

15.8 

MAY 

12.6 

13.3 

14.0 

14.4 

JUNE 

12.3 

13.0 

13. 5 

14.0 

JULY 

12.6 

13.3 

14.0 

14.5 

AUG 

13.2 

14.3 

15.3 

15.9 

SEPT 

14.0 

15.6 

17. 1 

18.2 

OCT 

14.6 

16.7 

19.2 

21. 1 

NOV 

14. 6 

17.4 

21. 1 

24. 1 

DEC 

14.6 

17.6 

21.8 

25.3 


TABLF VI. COLLECTOR ROTATIOI^ SPEED ON THE 21at DAY 
OF EACH MONTH IN DEGREES PER HOUR 
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Pyr.: Pyrhellometer measurement 

SKI: Tracking plane measurement & (Itot*Idlf)/COS0 ^ 

A%« (Pyr-SKI)/SKT +100 


TABLE VII . COMPARISON OF DIRECT SOLAR RADIATION 
DATA F^ROM PYRHELIOMETER WITH THE 
TRACKING PLANE MEASUREMENTS 
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FIGURE 1. NASA HIGH TQfPESATURE FLUID SUPPLY LOOP 





FIGURE 2. SOLAR KINETICS COLLECTOR TIME CONSTANT TEST 
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SOLftR KINETICS TEST T-44 flU. ONTA POINTS 



FIGURE 4. COLLECTOR THERMAL EFFICIENCY BASED ON DIRECT SOLAR RADIATION 


SOLAR KINETICS TEST T--H ALL DATA POINTS 
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L0N3I01dd3 
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SOLAR KINETICS TEST T-41 ALL DATA POINTS 




A0M3I01JJ3 
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SOLAR KINETICS TEST 



X3N3I3Idd3 
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k. 


(TAOE-TAriB>^l HR-FT—2-F/BTU 

FIGURE 7. COLLECTOR THERMAL EFFIdENCY TEST AT HALF OF THE NORMAL FLOW BATE 
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FIGURE 14. SOL4R KIMETICS WITH SEl TRACEER (M A CLEAR DAT (6/1S/8I) 





nCDIZ 16. 

SOLftR KINETICS ALL DAT TEST 6-26-1981 







